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1	 Introduction
Despite the common understanding that competition among 
private enterprises fosters productivity and innovation, it is 
also widely acknowledged that cooperation and competition 
among one and the same companies do not have to exclude 
each other. This hybrid and at first glance contradictory type 
of relationship among firms has often been termed coopetition 
and constitutes the subject of inquiry of a specific strand of 
research. Although not all studies in this field employ the term 
coopetition, they all share the attempt to shed light on 3 key 
issues of the nature of cooperation among competing firms. 
First, several studies have investigated where exactly 
to draw the line between competition and cooperation. 
Bengtsson and Kock have for instance argued that simultane-
ous cooperation and competition between two firms can only 
be maintained when the firms internalize these conflictive 
positions and distribute the responsibilities for cooperative 
and competitive actions among diverse persons (Bengtsson & 
Kock, 2000, p. 423). Hence, the separation of business unit 
matters as competitors can compete with each other in one 
market segment and cooperate in another one if different busi-
ness units serve those segments (Bengtsson & Kock, 2000, 
p. 420). Furthermore, it matters whether a product is still at 
the stage of development or already available at the market 
as competitors tend to cooperate in research and development 
activities that are far away from the customer, while they 
compete with each other in the launch of new products at 
the market (Bengtsson & Kock, 2000, p. 418, 424). Dagnino 
and Padula have specified the intersection between competi-
tion and cooperation further and distinguish among three 
levels of coopetition. On the macro level firms and clusters of 
firms across industries compete on government research and 
development spending/funds, access to capital markets and 
shareholders investments, and activity diversification when 
entering new markets, while they cooperate on best practice, 
technology transfer, new market exploration and exploitation. 
One the meso level firms within an industry compete on prod-
uct and factor markets, while they cooperate in product design, 
manufacturing, distribution and the definition of new stand-
ards. Finally, Dagnino and Padula also speak of coopetion at 
the micro level that is to say among functions and divisions 
and workers within firms. They argue that firms units compete 
for corporate intrafirm fund allocation, while they cooper-
ate in product and workforce development and interchange 
(Dagnino & Padula, 2002, p. 19, 20). 
A second key objective of the investigations on coopera-
tion among competing firms has been to determine the spe-
cific conditions under which coopetition takes place and their 
impact on a firms innovativeness. While Bengtsson & Kock 
for example restricted coopetition to the relations among two 
firms (Bengtsson & Kock, 2000, p. 412), Dagnino and Padula 
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distinguished between coopetition among diverse units within 
a firm, coopetion among firms and coopetition among clusters 
of firms (Dagnino & Padula, 2002, p. 19, 20). Provan et al. 
add that the nature of the relationship among the cooperating 
firms varies from rather loose to more tight, but that it is gener-
ally characterized by durability and several interactions over 
time (Provan et al., 2007). Gilsing, Lemmens and Duysters 
have been more specific in this respect and have underlined 
the importance of a firm’s strategy for the formation of net-
works and coopetitive relationships. Firms with an interest in 
exploring new business opportunities are in search of novel 
information and hence open towards new partners, while firms 
interested in the optimization of a given product will rather 
seek to stabilize their existing contacts (Gilsing, Lemmens & 
Duysters, 2007, p. 236-239). Schilling and Phelps shed light 
on the role of the structure of a network and found that dense 
networks characterized by many ties among the individual 
participating organizations enable high information transmis-
sion capacity and high quantity and diversity of information 
and in this way foster the innovativeness of the firms involved 
(Schilling & Phelps, 2007, p. 1124). This conclusion is sup-
ported by Gomez-Casseres, Hagedoorn and Jaffe that more 
specifically found that the exchange of knowledge within a 
network is greatest among firms whose relation is character-
ized by technological, market and geographical proximity 
(Gomes-Casseres, Hagedoorn & Jaffe, 2006, p. 27). However, 
Bell argued that informal ties among managers have a higher 
impact on the innovativeness of a firm than formal relations 
among firms (Bell, 2005, p. 292). 
Finally, various studies aim at illustrating the benefits of 
coopetition for individual firms. Peng et al. (2011) highlight 
that coopetition can lead to higher performance levels of the 
firms involved. Furthermore, the accumulation of knowledge 
through coopetition appears to be widely recognized in the 
literature as an added value for individual firms (e.g. Bell, 
2005; Gomes-Casseres, Hagedoorn & Jaffe, 2006; Sroka, 
2010). Gilsing, Lemmens and Duysters argue further that not 
only the access to novel information but also the prospect of 
reducing the costs and the time required for the development 
of new technologies has led to a competition for cooperation 
that is to say firms compete with each other for resourceful 
partners (Gilsing, Lemmens & Duysters, 2007, p. 227, 228, 
233). However, it must not be forgotten that mere profit seek-
ing behaviour may also be counterproductive. Sroka stresses 
this point and argues that the exchange of resources among 
firms requires at least a minimum level of mutual trust in 
order to avoid opportunistic behaviour (Sroka, 2011). Ritala 
and Hurmelinna-Laukkanen (2009) underline that success-
ful coopetition depends upon the feasibility of the collective 
development of an innovation and the individual exploitation 
of it. Thus, whether firms can profit from coopetition depends 
not only upon their own behaviour but also upon external 
factors such as concrete market and technological conditions 
around the innovation. Innovations with a high level of novelty 
can open up diverse new ways of exploitation and allow for a 
variety of actors to identify appropriate market segments for 
themselves. 
Our aim is to contribute to these findings of the research 
on coopetition by an empirical investigation of the develop-
ment of hydrogen and fuel cell technologies. The development 
of alternative energy technologies is driven by various forces 
that push toward innovation. More specifically, the deploy-
ment of novel energy technologies in transport applications 
is driven by the availability and the price of fossil energy 
sources, the huge societal relevance of the automobile and the 
emissions caused by the transport sector and their consequenc-
es (Dierkes, Marz & Aigle, 2009, p. 326-330). In other words, 
mainting our current level of mobility while simultaneously 
mitigating its negative consequences such as air polution and 
climate change requires the development and deployment of 
alternative energy technologies in the transport sector. These 
have to be compatible with renewable energy sources as the 
essence of the socalled »new industrial revolution« (BMU, 
2008) that is to transform the energy system in the 21st cen-
tury is the shift in the energy-technology paradigm away from 
fossil energy technologies to renewable ones (WBGU, 2003). 
Due to these driving forces enterprises invest in the develop-
ment of hydrogen and fuel cells and various other alternative 
energy technologies as both doing nothing and betting on the 
wrong horse could mean to fall behind in the new industrial 
revolution. Both could result in the disappearence of a com-
pany owing to the fundamental shift in the energy-technology 
paradigm outlined above. 
This article sets out to investigate what impact this 
great transition has on the relationship among the companies 
involved. Our central research question is: Does the develop-
ment of alternative energy technologies allow for new forms 
of coopetition? For this purpose we track the development of 
hydrogen and fuel cell technologies in the USA, the European 
Union and in Germany in the years from 2000-2010. In order 
to provide the reader with a better understanding of our study, 
chapter two constitutes a brief summary of the technical 
aspects and the history of hydrogen and fuel cell technologies. 
In chapter three, we first rather descriptively outline novel 
organizational patterns of cooperation in this field, before 
we proceed we a thorough analysis of the specific nature of 
these new forms of cooperation, their effects on the firms 
innovativeness and the potential benefits for individual firms 
involved. As both authors have a background in Science and 
Technology Studies, our primary aim is to explore how the 
literature on coopetition can be enriched by an investigation 
of the opportunities and requirements that the specific charac-
teristics of the transformation of large technical systems (e.g. 
Hughes, 1993; Hughes & Mayntz, 1988) feature for the coop-
eration among competing firms. The main conclusions drawn 
are summerized in chapter four of this article. Our results 
were obtained from a rich pool of data generated in various 
research projects through more than 30 in-depth interviews, 
direct observations and document analyses.
2	 Background
Hydrogen and fuel cell technologies are among the most 
promising new energy technologies. Their linkage provides 
the opportunity to deploy renewable energy sources in trans-
portation and electricity and heat generation in CO2-free ener-
gy cycles. Therefore, they target an area currently responsible 
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for half of the EU’s total greenhouse gas emissions (van Vliet 
et al., 2011, p. 248). However, whether hydrogen and fuel cell 
technologies actually offer the opportunity to tackle climate 
change and other policy issues such as the independence from 
the import of primary energy sources is highly contested. 
Some see them as key technologies of a new economic revolu-
tion that will sustainably change the world (cf. Rifkin, 2003) 
as they provide the opportunity to lower CO2 emissions and 
to reduce modern economies’ dependency on crude oil. They 
can deliver heat and electricity for a wide range of applica-
tions from mobile phones to vehicles and industrial buildings. 
Others, however, deny this potential and argue that hydrogen 
and fuel cell technologies can neither solve energy supply 
problems nor contribute to a sustainable energy system (cf. 
Bossel, 2006; Asendorpf, 2004). Hence it is contested whether 
or not hydrogen and fuel cell technologies have a potential 
value and their development has had its ups and downs during 
the past two centuries.
The basic inventions of hydrogen and fuel cell technolo-
gies (hydrogen combustion engine and fuel cell) were made at 
the beginning of the 19th century and today are closer to com-
mercialization than ever before. But the history of hydrogen 
and fuel cell technologies clarifies very well that commerciali-
zation is no linear process. Their development for the transport 
sector is illustrated in detail on the website “H2Mobility” of 
TÜV-SÜD (TÜV-SÜD, 2010), the technical inspectorate for 
vehicles in Southern Germany, and is briefly summarized in 
the following. 
The first hydrogen driven combustion engine was con-
structed by Issac de Rivaz in 1806. The invention did not 
receive much attention in the societal discourse for the next 
50 years and it was not until 1863 that the next vehicle driven 
by a hydrogen powered combustion engine was constructed 
by Étienne Lenoir. Nevertheless, the technology again disap-
peared from the scene until the late 1920s when Rudolf Erren 
constructed a hydrogen-powered two-stroke engine. This 
development was followed by single concept studies during 
the following decades but none of them passed beyond the 
laboratory stage. 
The history of fuel cell development is characterized by 
a similar trajectory. The mechanisms of fuel cell technolo-
gies were discovered in 1838 by the German-Swiss chemist 
Christian Friedrich Schönbein and the British lawyer and 
natural scientist Sir William Grove, who conducted research 
independently from one another. The fuel cell gained its actual 
name in 1889 from Ludwig Mond and Charles Langer who 
conducted thorough investigations on this technology. Still, it 
was not until 1932, that the first model of an alkali electrolyte 
fuel cell was constructed by Francis Thomas Bacon. This 
development was followed by the construction of the first 
vehicle with fuel cell propulsion in 1959. 
The dynamics of hydrogen powered combustion engines 
and fuel cell propulsion systems present a similar picture 
until the late 1960s. Both developments began with basic 
inventions by a single person, followed by single inventions 
and wide temporal intervals during which the technologies 
did not gain any public attention. However, from the end of 
the 1960s, the initiatives aiming at the commercialization of 
hydrogen and fuel cell technologies started to increase all over 
the world and became even stronger at the end of the 20th 
century. Automotive manufacturers such as BMW, Mazda and 
MAN intensified their efforts in the development of hydro-
gen combustion engines so that several vehicle prototypes 
were constructed and tested in large demonstration projects. 
Simultaneously, various enterprises such as Ballard, Daimler, 
Toyota, General Motors, Honda, and Ford worked on the 
development of fuel cells as propulsion systems for vehicles. 
Diverse car and bus prototypes with fuel cell propulsion were 
constructed and tested in demonstration projects. 
This dramatic rise in efforts towards the commercializa-
tion of hydrogen and fuel cell technologies at the beginning 
of the 21st century constitutes the point of departure of this 
article as it is characterized by the emergence of various net-
works and amalgamations among diverse enterprises within 
and across industries. 
3	 Results
Due to the potential of hydrogen and fuel cell technologies to 
tackle key issues in energy policy the networks and alliances 
promoting these technologies are not limited to private compa-
nies but also attract public actors such as state ministries and 
research institutes. In a first step, the partnerships launched 
in the USA, the European Union and in Germany will be 
illustrated rather descriptively in the following subchapter. 
Subsequently, we will analyze the specific nature of these 
novel forms of coopetition in subchapter 3.2. In particular, we 
focus on the concrete actions of the cooperating partners in 
order to determine where cooperation is possible and where 
it ends. Furthermore, we describe what business units are 
involved in coopetition and how the overall network structure 
relates to the activities performed. Finally, we outline the moti-
vations for coopetition and the benefits of coopetition from the 
perspective of individual firms in subchapter 3.3. 
3.1	 Cooperation	in	the	promotion	of	hydrogen	
and	fuel	cell	technologies	
In the USA, the beginning of 2001 constitutes the point of 
departure, as then the “National Energy Policy Development 
Group” (NEPDG) was launched (NEPDG, 2001, pp. v, viii). It 
was composed of high-ranking US-politicians such as the then 
Vice-president Dick Cheney and the Secretary of State Colin 
Powell (ibid. p. vi). On behalf of the then President George W. 
Bush, its aim was to develop a long-term energy policy for the 
USA leading to the fulfillment of three basic goals: reliability, 
profitability and environmental friendliness (ibid. p. viii). The 
NEPDG accomplished its task with the submission of the 
“National Energy Policy Report” in May 2001 (ibid. v) that 
presents hydrogen and fuel cell technologies as one among 
other promising technologies of the future. In the same year, 
only 6 months after the submission of the report, the “National 
Hydrogen Vision Meeting” was convened in Washington. 
More than 40 representatives of energy supplying compa-
nies, environmental organizations and US-Federal and State 
Departments gathered in order to develop a common vision 
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of a future hydrogen economy, to identify its time frame and 
the required interim steps towards its realization (DOE, 2001, 
p. iii). The US Department of Energy (hereinafter DOE), the 
car manufacturers Daimler, Ford and General Motors as well 
as the energy providers ExxonMobil and BP were among the 
participants (ibid. p. 24). The shared vision of a hydrogen 
economy which was developed on the basis of this discussion 
was published by the US Department of Energy in its report 
“A National Vision of America’s Transition to a Hydrogen 
Economy – To 2030 and Beyond” (DOE, 2002). In 2006, 
the same car manufacturers and energy supplying enterprises 
together with the DOE formalized their collaboration further 
and launched the private-public partnership FreedomCAR and 
Fuel Partnership in order to coordinate the common activities 
in the development of hydrogen and fuel cell technologies 
(FCFP, 2006, p. iii). 
In the European Union, the launch of a High Level Group 
by the European Commission in 2002 marks the origin of 
the common European institutional development of hydro-
gen and fuel cell technologies (EC, 2002). The High Level 
Group was comprised of 19 representatives from scientific 
institutes, industry and public administration (HLG, 2003, p. 
5). The research center Jülich, the car manufacturers Daimler, 
Renault and Rolls-Royce, the energy providers Norsk Hydro, 
Shell and Sydkraft, as well as the fuel cell producer Ballard, 
were among them (ibid. p. 32). In 2003, the High Level Group 
published the report “Hydrogen Energy and Fuel Cells. A 
vision of our future” (HLG, 2003) that outlines the vision 
of a hydrogen-based economy established by 2050. On the 
basis of this report, the European Commission set up the 
“European Hydrogen and Fuel Cell Technology Platform” in 
the same year (HFP) (EC, 2004) which subsequently devel-
oped a European research (HFP, 2005a) and deployment (HFP, 
2005b) agenda to exemplify the commercialization process 
of hydrogen and fuel cell technologies. The majority of the 
High Level Group members (HLG, 2003, p. 32) took over 
high-ranking positions in the Executive Group (HFP, 2004a, 
p. 1) and in the Advisory Council (HFP, 2004b) of the HFP. 
Building on the initiatives of the HFP, the European Council 
set up a subsequent agency, the “Fuel Cell and Hydrogen 
Joint Undertaking” (hereinafter FCH JU), on May, 30th 2008 
which constitutes a legal body launched under Belgian law in 
Brussels (Council of the European Union, 2008, pp. 1, 4; FCH 
JU, 2009, p. 4). It is characterized by a complex organizational 
structure composed of representatives from industry, science, 
the European Commission and the European Union member 
states (FCH JU, 2009, pp. 23, 24). Again, there is an overlap 
with the HFP whose staff at least partly moved on into the 
FCH JU (HFP, 2004a, p. 1; HFP, 2004b; FCH JU, 2010). 
In Germany, three agencies have been of particular impor-
tance for the promotion of hydrogen and fuel cell technologies 
during the past decade: the “Transport Energy Strategy” (here-
inafter TES), the “Clean Energy Partnership” (hereinafter 
CEP) and the “National Organization Hydrogen and Fuel Cell 
Technology” (hereinafter NOW). The TES was established by 
the Federal Government, the original equipment manufactur-
ers (hereinafter OEM) BMW, Daimler, MAN and VW from 
the automobile sector and the energy suppliers ARAL, RWE 
and Shell in May 1998 (TES, 2000, p. 3). Later on, it was 
joined by Ford, GM/Opel, Total and Vattenfall. The launch of 
the CEP (Clean Energy Partnership) was already suggested 
in the second status report of the TES in June 2001 (TES, 
2001, p. 5), before the CEP was officially set up in October 
2003. The CEP is composed of car manufacturers, energy 
suppliers and end users such as Aral, BMW, BVG, Daimler, 
Ford, GM/Opel, Hamburger Hochbahn, Linde, StatoilHydro, 
Total, Vattenfall and Volkswagen which gathered in order to 
perform demonstration projects. The Federal Government is 
represented by the Federal Ministry of Transport, Building 
and Urban Development. Finally, the National Organization 
Hydrogen and Fuel Cell Technology (NOW) was set up in 
2008 as the central and overarching institution equipped with 
its own budget to fund all activities concerning hydrogen and 
fuel cell technologies in Germany such as the demonstration 
projects performed by the CEP. In legal terms, the NOW is 
a limited liability company (GmbH) 100% owned by the 
Federal Government and represented by the Federal Ministry 
of Transport, Building and Urban Development (NOW, 2011). 
The NOW has a supervisory board composed of the represent-
atives of the four Federal Ministries involved and an advisory 
board that also includes representatives from the industry and 
public research institutes. 
This brief overview indicates that actors from diverse 
societal areas such as politics, industry and science gathered 
in order to promote hydrogen and fuel cell technologies in 
common.  The key actors from the industry are OEMs from 
the automobile sector and mineral oil companies. The specific 
nature of their cooperation will be portrayed more in detail in 
the following subchapter. 
3.2	 Novel	types	of	coopetition	and	their	
effects	on	the	development	of	innovations	
As the previous subchapter revealed, the cooperative networks 
are composed of representatives from various ministries and 
public research institutes. But also private companies within 
and across certain industries are involved. These enterprises 
usually have their experts whose task is to represent the com-
panies’ activities in alternative technologies and to mobilize 
political, financial and partly also public support for these 
activities. Typically, they have a background in engineering 
or business studies. However, these persons do not belong 
to the public relations divisions of the companies but rather 
should be conceived as specialists that thoroughly follow the 
technological development and research in their own company 
and represent their companies in the cooperative partnerships. 
They can be regarded as the key actors in coopetitive relation-
ships among firms as they control the flow of information 
between their company and the broader technical community 
and hence they constitute the interface among the diverse 
companies. This crucial position enables them to perform five 
practices of coopetition which are to be explained in the fol-
lowing paragraphs: (1) networking, (2) agency creation, (3) 
agenda setting, (4) problem/solution framing, and (5) vision 
building. 
Networking. Networking refers to the management of 
existing relations to other companies or public organization 
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and to the establishment of new ties. This can be done at 
conferences, workshops or at other official meetings where 
representatives from various organizations meet in order to 
exchange views on hydrogen and fuel cells and other alterna-
tive technologies. The so-called parliamentary evenings which 
are held on a regular basis are of particular importance as they 
provide diverse actors from politics, science and industry with 
the opportunity to meet and to inform each other about the lat-
est developments in hydrogen and fuel cell technologies (Fuel 
Cell Alliance, 2006). Thus networking can be conceived as a 
more informal practice that aims at the exchange of informa-
tion without obligation. 
Agency creation. However, successful networking can 
result in the formalization of certain relationships. The practice 
of agency creation refers to the launch of official institutions. 
Hence agency creation is characterized by more commitment 
of the persons involved and requires an agreement upon the 
stage of development in a technology and it’s potential. This 
consensus might be as thin as a general commitment to the 
promising potential of hydrogen and fuel cells and an agree-
ment on the need of further research in these technologies. 
But as the agencies launched are often equipped with their 
own budget contributed by all private and public organizations 
involved, there usually exists a more concrete roadmap for the 
further proceeding that clarifies the direction of research and 
the objectives for the years coming. In the development of 
hydrogen and fuel cell technologies in Germany, the launch 
of the NOW constitutes a prime example for the creation of 
an agency. The NOW was implemented on the initiative of 
other agencies such as the TES and the CEP in order to set up 
a superordinate authority that would eventually merge all of 
them into one central organization. The main task of the NOW 
is to coordinate and steer all demonstration projects in order 
to push hydrogen and fuel cell technologies towards market 
entry (NOW, 2010). 
Agenda setting. The launch of the NOW was preceded by 
other practices that established a common view of hydrogen 
and fuel cell technologies which allowed the allocation of 
financial resources and common investments. The practice of 
agenda setting can, for instance, result in agency creation but 
can also result from it. Agenda setting focuses on the develop-
ment, promotion and implementation of strategies, programs 
or plans for the commercialization of certain technologies. In 
Germany, the TES deployed agenda setting most successfully 
as it, for example, suggested the launch of the CEP in June 
2001 (TES, 2001, p. 5) and the CEP was set up in October 
2003 (CEP, 2007, p. 3). The TES has also lobbied towards the 
establishment of a European institution for the development 
of hydrogen and fuel cell technologies and has apparently 
succeeded as the launch of the Fuel Cell and Hydrogen Joint 
Undertaking by the Council of the European Union indicates 
(Council of the European Union, 2008, p. 1). Finally, the TES 
had been successfully lobbying towards the development 
of a national innovation program for hydrogen and fuel cell 
technologies as such a program was initiated by three Federal 
Ministries in 2006 (BMVBS et al., 2006). 
Problem/solution framing. However, agenda setting can 
not only precede agency creation but also results from it as the 
NOW after its launch became the key actor that determines 
the further development of hydrogen and fuel cell technolo-
gies in Germany. The same can be said for the two practices 
of problem/solution framing and vision building which clari-
fies that all practices do not have to be performed in a specific 
order but rather should be conceived of as overlapping and 
simultaneous. Problem/solution framing aims at portraying 
hydrogen and fuel cell technologies as a feasible solution to 
serious problems of modern societies. Consequently, the prac-
tice always starts with the presentation of a certain problem 
as, for example, climate change, rising oil prices, transport 
sector emissions or the dependency of Western economies 
on the import of crude oil. All these issues are portrayed as 
urgent problems that endanger our standard of living which 
then allows to present hydrogen and fuel cell technologies as 
the ideal solutions that enable an emission-free energy and 
transport sector on the basis of renewable energies (cf. BMW, 
2008, p. 33; CEP, 2009, p. 5, 8, 9-12; NOW, 2009, p. 1).
Vision building. In contrast to problem/solution fram-
ing the practice of vision building does not focus on current 
problems but rather highlights the potential of hydrogen and 
fuel cell technologies by future visions. Vision building means 
embedding hydrogen and fuel cell technologies in a future 
world that reflects the current desires for a sustainable and 
secure energy system. Successful vision building can bring 
together various actors and coordinate their further actions as 
they all pursue the same target of realizing the vision. In this 
way, vision building contributed to networking and agency 
creation in particular in the USA and the EU and partly also in 
Germany (Marz and Krstacic-Galic, 2010, p. 15−25). However, 
it should be noted that the level of commitment in vision build-
ing can vary considerably as countless hydrogen visions have 
been developed but only few gained actual importance in the 
sense that several actors accepted them as desirable targets. 
This illustrates that the effects of the five practices of 
coopetition on the development of innovations depend not 
only on the commitment of the actors to certain practices, but 
also on the combination and the mutual reinforcement of the 
individual practices. Successful networking, agenda setting, 
problem/solution framing and vision building can foster close 
cooperation and mutual trust and pave the way towards the 
creation of a central agency that is well equipped with finan-
cial resources. This in turn can strengthen the ties among the 
partners involved and lay a more solid foundation for further 
networking, agenda setting, problem/solution framing and 
vision building. In Germany, for instance, networking, agenda 
setting and problem/solution framing resulted in the launch of 
the NOW which enables even closer networking and coopera-
tion through funded demonstration projects. In the EU and in 
the USA, however, problem/solution framing and vision build-
ing paved the way for networking and eventually for agency 
creation. Apparently, at least two practices of coopetition need 
to be applied successfully in order to have a significant impact 
on innovation. This impact can range from the exchange of 
information that can lead to an accelerated internal develop-
ment of innovations to the alignment of interests and objec-
tives that result in common investments and demonstration 
projects. 
Although the applications of hydrogen and fuel cell 
technologies are not available on the market, yet, this does 
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not mean that cooperation is omnipresent while competition 
does not exist. Of course, following Bengtsson and Kock 
(Bengtsson & Kock, 2000, p. 418, 424) in general it can be 
assumed that competition will increase as hydrogen and fuel 
cell technologies move closer towards commercialization. But 
a thorough look at the empirical data reveals that cooperation 
and competition take place simultaneously already at this early 
stage of development in hydrogen and fuel cell technologies. 
Thus, our results build on the findings of Gilsing, Lemmens 
& Duysters who identified a competition for resourceful 
partners (Gilsing, Lemmens & Duysters, 2007, p. 227, 228, 
233). Small and medium size enterprises (hereinafter SME), 
for instance, compete with each other for resourceful, large 
partners within and across industries. 
Furthermore, we identified competition within and across 
industries for the setting of technical standards. There is, for 
instance, a huge schism between automotive manufacturers 
concerning the deployment of hydrogen as a fuel in automo-
bile applications. While BMW worked from the 1980ies until 
2008 on the optimization of the use of hydrogen in an internal 
combustion engine, Daimler preferred until 2008 the replace-
ment of the internal combustion engine as propulsion system 
with fuel cells powered by hydrogen and has therefore coop-
erated with the Canadian fuel cell manufacturer Ballard. Thus 
both companies focused on the improvement of the internal 
combustion engine or the fuel cell, respectively, for a long 
time, but since a few years both also work increasingly on the 
battery technology. This example illustrates that both compa-
nies compete not only within the automotive sector, but also 
across industries in order to convince other actors to develop 
those hydrogen and fuel cell applications that suit their con-
cept of a transport sector relying on hydrogen. 
Hence, Bengtsson and Kock are not wrong in claiming 
that competition increases with the proximity to the market. 
But the development or the transformation of large techni-
cal systems requires the construction of a novel technical 
infrastructure which leads to competition long before the first 
applications are available on the market. Various actors com-
pete for the establishment of technical standards within and 
across industries that suit their interests and strategies. Thus 
competition takes place in all practices of coopetition because 
diverse actors have differing conceptions of how societal prob-
lems should be solved, how a visionary future transport system 
should look like, what topics should be set on the agenda and 
what directions of research and development should be pur-
sued by agencies. In a nutshell, the transformation of a large 
technical system such as the energy or the transport system is 
accompanied by simultaneous cooperation and competition 
right from the start. 
3.3	 Motivations	for	coopetition	and	benefits	
for	firms	
We have already stressed the significance of the specific cir-
cumstances of transitions of large technical systems for coope-
tition relationships among diverse public and private actors 
in the preceding subchapter. The development of an infra-
structure for a transport system based on hydrogen requires 
the cooperation of energy supplying companies and OEMs 
from the automotive sector as diverse technical applications 
need to be developed in parallel and adjusted to each other. 
Often no one can predict what technological application will 
reach a breakthrough and, therefore, various firms cooperate 
in order to share risks and financial efforts in the simultaneous 
development of diverse technological alternatives. The issue 
of hydrogen storage, for instance, requires the concentrated 
efforts of companies from diverse industries. 
Another benefit from the coopetitive relationships 
described above is mutual observation. One of the largest 
risks to individual companies in the transition of large tech-
nical systems is to miss the stabilization of a new technical 
system. Stabilization occurs when relevant actors from diverse 
technical areas agree upon the adjustment of all technical 
components required for the construction of the entire system. 
In the case of hydrogen and fuel cell technologies this could, 
for instance, mean that certain energy supplying companies 
and automobile manufacturers agree upon a specific level of 
pressure for compressed hydrogen so that certain technologi-
cal standards become established. Consequently, energy sup-
plying companies that worked on the development of filling 
stations with another level of pressure for compressed hydro-
gen would lose out as well as automobile manufacturers that 
invested in vehicle propulsion systems that require another 
level of pressure for compressed hydrogen. Depending on the 
scale of investment in the wrong direction, bankruptcy could 
be the result not only for small- and medium-size enterprises. 
Thus mutual observation and information exchange 
become the biggest assets in coopetitive relationships in the 
transformation of large technical systems. Participation in 
networking, agency creation, agenda setting, problem/solution 
framing, and vision building enables the firms not only to keep 
track of the development in other companies, but also provides 
them with the opportunity to influence the direction of future 
proceedings according to their own interests. Based on the 
information on the strategies of other organizations involved, 
every firm can develop its own strategy, adjust it to other strat-
egies and attempt to convince other actors of their concept of a 
sustainable mobility. Eventually, that is to say with decreasing 
proximity to the market, participation in practices of coopeti-
tion also means to define who is to serve what segments in the 
evolving market. 
Another motivation for coopetition and a prime example 
of cooperation and competition in parallel is the quest for pub-
lic funding. The launch of the NOW in Germany has illustrat-
ed that concentrated efforts of diverse private companies are 
required in order to define the transition towards a sustainable 
transport system as sort of a national mission. Cooperation 
among firms is needed to convince policy-makers of the 
necessity of an agency well equipped with public money. This 
partly enables cooperation among companies that actually 
have differing ideas of how the future transport system should 
look like. BMW, for instance, pursues the strategy of deploy-
ing hydrogen in a combustion engine as propulsion system for 
vehicles, while Daimler bets on hydrogen powered fuel cells. 
But both companies share an interest in public support for 
hydrogen which enabled them to lobby for the launch of the 
NOW in common. 
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However, as soon as such an agency is launched and the 
first call for proposals for project funding is published, cooper-
ation turns into competition among individual firms or consor-
tia of firms with an interest in a common project. Furthermore, 
confirming the results of Bell (Bell, 2005, p. 288, 289), we 
found that a central network position accompanied by close 
ties to resourceful partners results in a higher likelihood to 
receive public funding. Hence not only the common interest to 
lobby for public funding can serve as a motivation for cooper-
ation, but also the prospect of receiving a certain amount of the 
available funding through a central network position resulting 
from close cooperation with resourceful partners.
Finally, we also identified obstacles to cooperation. The 
most striking issue is the ubiquitous idea that the cooperation 
will come to an end as soon as the technology comes closer to 
the market that all actors involved in the practices of coopeti-
tion keep at the back of their minds. Successful cooperation 
results in accelerated technology development which eventu-
ally results in a market breakthrough and tough competition. 
This idea is present right from the start and all actors involved 
are very aware of the time-limited nature of their cooperation. 
Consequently, this idea impedes a too close cooperation from 
its origin to its end. 
Furthermore, we found that differing conceptions of how 
the future transport system should look like can impede coop-
eration to a certain extent. The example of BMW and Daimler 
who pursue differing technological pathways towards a trans-
port system based on hydrogen serves as a good illustration of 
this issue. The common interest in establishing hydrogen as a 
fuel in the transport sector enables both companies to coop-
erate in lobbying for public funding and in the exchange of 
information. However, BMW envisages deploying hydrogen 
in a combustion engine, while Daimler invests in fuel cells 
powered by hydrogen. These differing technological pathways 
impede a closer cooperation in, for instance, demonstration 
projects.  
4	 Discussion
Our analysis revealed that the transformation of large technical 
systems requires and brings about new types of coopetition. 
The NOW constitutes a prime example of these novel, hybrid 
institutions. It is a limited so to speak a state-owned liability 
company by law with an advisory board and a supervirsory 
board. While the supervisory board is only composed of repre-
sentatives from several Federal Ministries, the advisory board 
also consists of representatives from private companies and 
public research institutions. These actors gathered together 
on the basis of technological requirements such as the trans-
formation of the infrastructure of the transport sector which 
neither public nor private actors can accomplish on their own. 
They participate in such new types of coopetition not only in 
the hope of new market shares in the transport system trans-
formed but also in the fear of missing key developments and 
lagging behind. 
The actors involved in novel types of coopetition develop 
five specific practices in order to achieve their common objec-
tives: networking, agency creation, agenda setting, vision 
building, and problem/solution framing. These practices are 
not performed independently from one another but rather 
simultaneously and combined. They are performed in various 
contexts  such as political, economical or ecological ones. 
Organizations involved in the development of hydrogen and 
fuel cells attempt, for instance, to link these technologies to 
renewable energies and argue for a zero-emission and sus-
tainable economy based on hydrogen. The deployment of the 
practices in specific contexts can be both stabilizing and desta-
bilizing for the coopetition arrangement. Of course, the more 
all participants agree upon their future objectives in detail, the 
more stable their cooperation will become. However, techno-
logical development is unpredictable and progress in hydrogen 
and fuel cells or relating technologies might open up new 
opportunities so that the actors involved have to renegotiate 
their common objectives if they want to prevent a destabiliza-
tion of their coopetition arrangement. Furthermore, of course, 
the stability of the coopetition arrangements decreases with 
increasing proximity to the market that is to say to the com-
mercialization of hydrogen and fuel cell technologies.
Finally, it should also be noted that the specific form of 
coopetition in the case of hydrogen and fuel cell technolo-
gies has its flaws. The largest deficit is probably the lacking 
involvement of the end user in the development of these 
technologies (see for example Canzler & Marz, 2011). More 
involvment of the end user could not only make these tech-
nologies wider know in the broader public but in the end also 
accelerate their commercialization by suiting them better to 
the needs of potential customers. 
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